Mineral modes can be calculated quickly and accurately by using colour masks in scanned digital images of stained, quartz saturated plutonic rocks. The image analysis method for determining modal compositions is as accurate as manual point counting, and remarkably faster. A comparison of the manual point counting and pixel resolution methods, and a step by step procedure for calculating mineral modes in quartz saturated plutonic rocks are provided to make modal composition calculations fast, accurate, and efficient.
INTRODUCTION
Calculating modal compositions for coarsegrained granitic rocks is generally a long, time consuming process. Thin section point counting produces a wide range of error for mineral mode calculations. Manual point counting of stained, larger rock slabs, although more precise than thin section counting, is a long and tedious method. With the aid of graphic software, such as Corel Photo-Paint 7™ 1 , and a scanner, modal proportions of quartz and feldspars of stained coarsegrained granitic rocks can be determined more quickly and with a high degree of accuracy. After a coarse-grained granitic rock has been cut, 1 Corel Photo-Paint is a trademark of Corel Corporation.
stained with sodium cobaltinitrite (III), and scanned as a photo image, the image can be reduced to the colour of pixels, and accurately analysed for mineral mode compositions based on the colour of stained minerals. The purpose of this paper is to outline the modal calculation procedure and discuss viability of its application.
STAINING METHOD
Samples are cut so that a relatively large surface area of the rock sample can be analysed. For example, a rock with an average grain size of 1.5 cm should have a cut surface area of at least 150 cm 2 .
The cut surface is placed in hydrofluoric acid (60%) for approximately 30 seconds. The surface is rinsed with water and placed in a solution of super-saturated sodium-cobaltinitrite (III) for approximately 30 seconds. The sample is rinsed and left to dry. The staining method should result in K-feldspar stained yellow or dark yellow, and plagioclase and quartz etched chalky white and grey, respectively. The staining method was originally developed by Gabriel and Cox (1929) , and modified, or adapted, by Keith (1939) , Chayes (1952) , Rosenblum (1956) , and Nold and Erickson (1976) . Hayes and Klugman (1959) describe the use of this staining method on natural and artificial sands, and various other stains or augmentations to the staining process can be used to stain or identify plagioclase, orthopyroxene, clinopyroxene, and olivine (cf. Jackson & Ross 1956 and Bailey & Stevens 1960) .
ESTIMATION OF MODES BY COLOUR MASKING DIGITAL IMAGES

Scanning
Samples should be carefully placed on a transparent sheet, on the scanning surface, to avoid scratching. Samples should be scanned at the highest possible pixel resolution and saved at a scale as close to 100% for the most accurate results. The images can then be saved as almost any image format (BMP, GIF, JPG, PCX, etc.) and easily accessed by Corel Photo-Paint 7™. After an image has been scanned and saved, it can be opened in Corel Photo-Paint 7™ by choosing "Open" from the "File" menu, and selecting the image file from the appropriate location ( Fig. 1) . 
Colour Masks and Determination of Mineral Modes
A colour mask is a selected colour, or range of colours, throughout an image that can be preserved or edited. With a colour mask, the image can be converted to a binary image, one colour representing the selected mineral, the other colour representing the rest of the sample area. The determination of mineral modes by the colour masking procedure involves five steps outlined below:
Step #1:
"Zoom in" on the mineral type you would like to make a colour mask of, using the magnifying glass icon (Fig. 2 ).
Step #2:
Select a range of colours that represents that mineral (i.e. shades of yellow and dark yellow for alkali feldspar) using the eye dropper icon (Fig. 3) . For a more accurate representation of the mineral mode in question, choose as many colour options as possible for the shades that represent that mineral (choose 30 shades of yellow rather than 10 shades of yellow, for example).
Step #3:
Once a colour mask is created for a certain mineral, choose the overlay option "Greyscale" (Fig. 3) , and press "OK".
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Fig. 3. The view of the colour mask window after colour shades have been selected with the eye dropper tool. The overlay option: greyscale reduces the image into two colours, representing the colour mask colours (white) and the rest of the rock (black).
Step #4:
From the "Mask" menu choose "Paint On Mask" (Ctrl+K), and the image will be displayed as a binary image, white representing the total area of the selected mineral, and black representing the remainder of the rock (Fig. 4) .
Step#5\
Choose "Histogram" from the "Image" menu, and select the histogram range (i.e. colour range) in the histogram box (Fig. 5) . In this case, the sample is represented by the entire histogram range (0 to 255), and the selected mineral (alkali feldspar) is represented by the colour white (255 in the histogram range). The exact percentage of the total area is displayed in the "Percent:" box; this is the percentage of the selected mineral for that rock sample (Fig. 6) . The same process can be repeated for other mineral modes (i.e. plagioclase, quartz, and dark minerals), and the rock can then be classified according to the IUGS classification for plutonic rocks (Le Maitre 1989) .
DISCUSSION
This method for determination of mineral modes in coarse-grained plutonic rocks appears to be considerably more accurate than traditional thin section point counting or manual point counting of stained samples via stereomicroscope (cf. Plafker 1956) . Thin section point counting would be the preferable method of analysis, but it does not sufficiently account for the large grain size in coarsegrained rocks. Manual point counting is fairly accurate, but the procedure is very time consuming and may be considerably less accurate than analysing by colour masking digital images. For com- 
Fig. 6. A view of the histogram window showing the selected pixel colour range (white: 255 to 255), and the percentage of the total image area representing that colour, or mineral, as a function of the number of pixels [50916 divided by the total number of pixels 116550 (Fig. 5)].
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parison, eight samples with variable grain size were point counted manually and by image analysis. The results of the comparative analysis are shown in Table 1 and Fig. 7 . Samples were analysed ten times to quantitatively determine reproducibility and degree of error. The resulting classifications for the fine-and medium-grained rocks are generally similar. The classification of the coarse-grained rocks (samples 7 and 8) is considerably different between analysing methods. This is primarily due to the sample area, the manual point counting covered areas of 24 cm 2 , while the image analysis method covered an area of 60 cm 2 and 100 cm 2 . The pixel resolution method allows for a larger stained area to be analysed, only restricted by the size of the scanner. The manual point counting method would have to comprise about 60 000 and 100 000 points, respectively, for a more accurate comparison, a truly time consuming process. The finer grained rocks were analysed on a comparable scale, with similar results. It appears that the pixel resolution method is not restricted by grain size, but more accurate results, or a lesser degree of error, are obtained with coarser grained rocks. Analytical problems may occur if very few colour shades are chosen for a colour mask. A lesser number of colour shades/tones will result in less accurate results, the total of mineral modes being far less than 100%. Colour shade redundancy between different colour masks can cause analytical error. If colour selections are made carelessly, the mode calculations may be over 100%, resulting in a large degree of error. The quality of staining can influence the accuracy of the mode determination. Poorly stained samples result in obscure light coloured stains that can cause redundancy in colour shades between different mineral modes.
Dark minerals cannot be distinguished from one another by this method. For example, biotite and amphibole may occur, but the mineral modes can- not be calculated other than a percentage of dark minerals of the total area. Similarly, accessory mineral modes for minerals such as zircon and apatite cannot be determined due to size, abundance, and lack of colour resolution.
CONCLUSIONS
The determination of mineral modes by colour masking digital images is an efficient, quick, and accurate method to calculate modal compositions for K-feldspar, plagioclase, quartz and dark minerals in coarse-grained plutonic rocks. The process is considerably faster and more accurate than traditional methods of analysing coarse-grained granitic rocks by manual point counting or thin section point counting. This method should not be limited to coarse-grained plutonic rocks, and can be used to estimate mineral modes in finer grained rocks and stained thin sections. Although thin section point counting can be more accurate in determining mineral compositions and accessory minerals, and distinguishing between different mafic silicate and opaque minerals, it may result in incorrect modal compositions for coarser grained rocks. 
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